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The ability to maintain balance during navigation in daily activities is a key component of successful ambulation. Balance impairment, gait impairment, and lower limb muscle weakness are important factors associated with reduced functional mobility and dependency in daily tasks among older people. 1 Deterioration of muscle strength, slower reaction time, and presence of pain have been shown to affect balance and motor performance. 1 Furthermore, impaired balance is one of the strongest risk factors for falls. 2 A small number of studies have reported that turning is an essential gait-related activity involved in daily functional tasks. One study reported that 20% of steps during indoor daily activities involve turning. 3 Another study evaluating turning in four community activities, including walking through a cafeteria, through a convenience store, and from a specific office to a car in the parking lot, found that between 8% and 50% of steps involved turning maneuvers. 4 These findings emphasize the importance of turning in daily ambulation. Turning has also been shown to be a more challenging maneuver compared with straightline walking, 5 and the ability to maintain balance during turning is complex. 6 Furthermore, older people with balance impairment and history of falls have been shown to have difficulties during turning. 7 Compared with regular walking, falls while performing turning maneuvers are eight times more likely to result in hip fracture 8 and have also been found to be associated with greater risk of slip-related falls. 9 Given the importance of balance for independence, mobility, and safety for older people, exercise has been a widely investigated intervention to improve balance and reduce falls risk. 10, 11 Metaanalyses have shown that exercise programs with a moderate to strong challenge to balance are most likely to be effective in improving functional and mobility performance among older adults and to reduce risk of falling. 10 In addition, a Cochrane review reported that multicomponent group exercise, typically including resistance and balance training, reduced the rate of falls by 22% and falls risk by 17% in adults aged 60 yrs and older. 11 Howe et al. 12 analyzed results from 34 studies of exercise interventions aiming to improve balance. The review had a total of 2883 participants and a variety of exercise interventions, including walking, functional exercises, muscle strengthening, and combined exercise types, that were found to significantly improve balance.
Despite the importance of turning ability, and involvement of turning in the circumstances of many falls, to date, few studies have investigated turning difficulties and effectiveness of exercise programs, which include specific exercises to improve turning ability in people with identified turning impairment. Some exercise interventions such as the Otago Exercise Program 13 and the LiFE exercise program 14 do incorporate a small number of exercises that include turning-related activities, but these are not routinely applied, nor is a turning task routinely used to determine problems with turning to tailor this type of exercise for the individual. This study will address this important research gap. The aim of this study was to evaluate the effectiveness of a 16-wk individualized home-based exercise program in improving turning performance and common balance impairments among community-dwelling adults aged 50 yrs and older. The authors hypothesized that the intervention group would improve turning and balance performance relative to a control group.
METHODS

Design Overview
This study was a single-blind randomized controlled trial where the assessors were blind to group allocation. The study was registered at the Australian New Zealand Clinical Trial Registry (ACTRN12613000855729).
Setting and Participants
Participants were recruited through the distribution of flyers and on a voluntary basis from the membership of the University of the Third Age of Malaysia, hosted at the Institute of Gerontology, Universiti Putra Malaysia. University of the Third Age of Malaysia is a program that provides lifelong learning courses to adults aged 50 yrs and older. Potential participants received a detailed explanation of the proposed study including aims, potential benefit and risk, and expected time commitment associated with participation. Eligible participants were screened on a single occasion before the baseline assessment by the study assessor to ensure that they met the following study inclusion criteria: (1) being identified as having turn sway performance on the Step/Quick Turn Test on the NeuroCom long force platform outside of normal limits (based on age and sex normative data for this test on the NeuroCom system), (2) community-dwelling (not living in residential care), (3) being aged 50 yrs and older (this age cutoff was used because of the relatively shorter life expectancy in Malaysia compared with many countries with more advanced population aging), (4) able to tolerate standing and walking independently for at least 6 mins, (5) being community ambulant (able to walk away from home independently, but not needing to use a walking frame, crutches, or other bilateral support gait aids), and (6) having no major neurologic history (e.g., stroke with unilateral or bilateral paresis, multiple sclerosis) or orthopedic history that affects functional mobility. Other than not meeting the inclusion criteria described above, other exclusion criteria were (1) having severe clinical or musculoskeletal impairments (e.g., previous fractures) affecting mobility, (2) having visual or auditory impairments that cannot be corrected, and (3) having a history of stroke, Parkinson's disease, cardiac problems, or transient ischemic attacks.
This study received ethics approval from the Curtin University Research Ethics Committee (approval no. FHEC: PT231/2013; approval date: May 30, 2013) and from the Universiti Putra Malaysia Ethics Committee (approval no. IG April/Curtin (13) 04; approval date: May 10, 2013). A written consent from all participants was obtained before participating in the study.
A detailed protocol of this study has been published previously 15 and thus a brief summary of the assessment is described here. The assessment battery was conducted at the Gerontology Laboratory, Institute of Gerontology, Universiti Putra Malaysia, at baseline and 16 wks, by an assessor blind to group allocation (single-blind study). The assessment took approximately 90 to 120 mins. The assessment included sociodemographic information, health and medical conditions, history of falls in the preceding 12 mos, fall risk assessment using the Falls Risk for Older People in the Community tool, 16 psychological aspects associated with falls including falls efficacy using the Short Falls Efficacy Scale-International (7 items) 17 and depression level using the 15-item Geriatric Depression Scale, 18 and self-reported level of physical activity using the Human Activity Profile. 19 In addition, balance and mobility assessments using clinical and laboratory (force platform) tests were undertaken. Physical assessments were interspersed with interviews or questionnaires, and participants were allowed to have rests if required.
Clinical balance and mobility measures were as follows: Timed Up and Go Test (TUG) single task and dual task (carrying a cup of water), Five Times Sit-to-Stand Test, Functional Reach Test, and the Step Test (details of this assessment can be found in the study protocol paper). 15 Additional assessment of balance-related performance was carried out using the NeuroCom Balance Master with long force plate (NeuroCom International, Inc, Clackamas, OR). The NeuroCom Balance Master with long plate is a computerized force plate (152 cm Â 46 cm) that measures forces via four force transducers at each corner of the plate. Measures available on the long plate include static stance sway measures, as well as measures of stability during a variety of functional tasks including walking, turning, and standing up from sitting. Components of the NeuroCom Balance Master test battery have been shown to have moderate to high relative reliability (retest reliability intraclass correlation coefficient 9 0.84) in assessing balance dysfunction in healthy older people and clinical groups, 20 and the Neurocom Balance Master has been a useful tool to identify balance impairment at early stages. 21 Two practice trials were provided on all tests on the Neurocom Balance Master to ensure that the participant understood the test instructions before the actual measurement. All tests were performed with bare feet. Five laboratory assessment procedures were included:
i. The Step/Quick Turn Test was used to quantify turn characteristics (turn sway and turn time taken) as the participant took two steps, quickly turned 180 degrees, and returned to the starting position. The test examines turning to both left and right directions separately. Each direction is assessed using three trials, and an average score was reported for each direction of turn. For this study, the average score for the worst side turning was reported, for turn sway (in degrees per second) and turn time (in seconds). ii. The modified Clinical Test of Sensory Integration of Balance 22 was used to measure the amount of sway under four static sensory conditionsVeyes open and eyes closed on firm surface and foam surface (medium-density foam, 15 cm thick). Participants were asked to stand as steady as possible on the force platform for 10 secs for each trial. A composite score (combination of the four conditions) center of gravity (COG) sway (in degrees per second) was reported. iii. The Limits of Stability (LOS) test was used to quantify the ability of the participant to intentionally displace their COG to eight preset targets at 45-degree increments from the straight-ahead direction. Targets were set at 100% theoretical LOS for the individual based on the height and foot length and defined by age-matched performance norms. The test measureshowfar and how fast a participant was able to weight shift toward each target. Reaction time (in seconds), maximum excursion (percentage of LOS), and directional control (percentage) were reported for this study. iv. The Sit-to-Stand Test was performed on the long force plate to quantify several movement characteristics related to the ability to stand up from a seated to a standing position without overbalancing. The participant was instructed to stand up from a standard height block (40 cm high positioned on the force platform) as quickly as possible without using their arms to push up when signaled by the machine and to stand as still as possible after standing fully. The COG sway velocity (in degrees per second) and rising index (percentage of body weight) measures were reported for this study. v. The Walk Across Test was used to quantify several characteristics of gait including stride length (in centimeters) and step width (in centimeters). Participants stood on a wooden platform beyond the start of the long force plate and, upon the cue to start, walked at their comfortable pace across the force plate, and stopped beyond the end of the force plate.
Step width (in centimeters) was reported for this study.
All assessments in this study were carried out by a trained researcher. Participants wore a safety jacket and harness during the standing NeuroCom force plate balance assessments, to avoid risk of overbalancing, and were also closely supervised by the assessor during all tests. The harness, which was attached to an overhead rail, did not restrict normal trunk movements for maintaining balance during the assessment tasks, but would stop a fall from occurring if the participant overbalanced during the task.
Randomization and Intervention
All eligible participants were randomized to either the intervention group or the control group based on a concealed randomization procedure using a computer-generated random numbers table. Group allocation for each number was placed in an opaque envelope with the number on the outside and sealed by a researcher independent of the assessors. Group assignment was carried out after the baseline assessment, at which time each participant was informed as to which group they were allocated.
Participants assigned to the intervention group were requested to perform an individualized homebased exercise program at least four times per week for 16 wks. This exercise program was adapted from the Otago Exercise Program, which includes balance and strengthening exercises. 13 Two additional exercises focused on turning were also included in this program. The selection and number of exercises for each participant in the intervention group were based on assessment findings of severity and types of impairments. Most of the participants received six to eight exercises, which took approximately 20Y30 mins per session on average to complete, including rests. Prescribed exercises were practiced in the session when they were provided to ensure being performed correctly, and performance was reviewed and corrected if required at each visit to the laboratory.
Two of the six to eight exercises prescribed were selected to improve turning ability, whereas the other exercises were targeted to improve identified balance and mobility impairment. Exercise progression was dependent on the ability of the participants and their improvement over time. The exercise progression was increased gradually by increasing the number of repetitions, increasing amplitude of an exercise, reducing base of support, and/or reducing support ( Table 1 ). In addition to the balance, strengthening, and mobility (including turning) exercises, a graduated walking program (which is a component of the Otago Exercise Program) was integrated into the 16-wk intervention. Participants were asked to include a walking program at least 3 days/wk, with gradually increasing distances.
Participants recorded the exercises performed and walking activity in exercise diaries provided for this purpose. Participants in the exercise intervention visited the assessment laboratory for three occasions during the 16-wk period (one visit after 3, 6, and 9 wks) for review, modification of exercises (if indicated), and motivation to persist with the exercise program. Exercise diaries were returned to the researcher during each visit. For safety precautions, participants were advised to perform the exercises near a sturdy bench or chair on each side and a wall behind for the purpose of immediate support if required.
Participants in the control group were asked to continue with their usual activities for 16 wks, after the baseline assessment and randomization. Both the intervention group and the control group received four phone calls interspersed over the 16-wk period (weeks 4, 8, 12, and 16) by a researcher blind to group allocation to obtain details regarding any falls that occurred between phone contacts. A fall was defined as Ban unexpected event which results in a person coming to rest inadvertently on the ground or the lower level, other than as a consequence of sustaining a violent blow, loss of consciousness or sudden onset of paralysis as in a stroke or epileptic seizure.[ 23
Outcome Measures
The primary outcome variables in this study were the turn sway from the Step/Quick Turn measure on the NeuroCom Balance Master and the TUG (single and dual task). Secondary outcome variables were other balance and mobility measuresVthe
Step Test, Functional Reach Test and level of physical activity (Human Activity Profile Adjusted Activity Score), and other variables from the NeuroCom Balance Master tests: Walk Across (step width), Sit-to-Stand (degree of sway), and LOS (composite score of maximum excursion, directional control, and reaction time in seconds). Adherence to the exercise program was also a secondary outcome measure.
Sample Size Calculation
A sample size calculation was performed for the primary outcome measure (Step/Quick Turn Test on the NeuroCom Balance MasterVsway, in degrees per second), using data for this test from a previous exercise intervention trial of older people with mild balance impairments. 21 It was estimated that 34 participants per group (68 participants in total) would be required for 80% power to detect a 15% improvement on this test, assuming 50% SD improvement with the intervention (SD = 10.2, effect size = 0.5, and P G 0.05 [two tailed]), including allowing for 20% loss to follow up.
Data Analysis
Data were analyzed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp, Armonk, NY). All analyses were conducted using the intention-totreat principle. Baseline demographic and clinical characteristics were presented as mean (SD), median, interquartile range, or number (percentage) for each group. Comparisons of the baseline characteristics of the participants in the two groups were analyzed using Fisher_s exact probability test and W 2 test for 
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Repeat this maneuver with opposite direction. Figure 8 walk (up to twice in each direction)
Participant walks in figure 8 motion between two cones (or similar marker) at usual pace. 34 33 32 31
Step across body (10 repetitions each leg)
Participant stands upright with feet 15 cm apart.
Step the right leg across in front of the left leg to land about 15 cm outside the position of the left foot, balance, then step back to the starting position. Repeat with the left leg stepping.
33
Braiding (up to 15 steps and turn)
Participant stands up tall. Then, move to side, cross right leg in front of left leg, bring left leg out to side, then cross right leg behind left leg, and so on. Repeat along a corridor/sturdy bench.
31
Repeat toward opposite direction.
The number in the table for each visit refers to the number of participants prescribed each exercise.
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Effect of Home Exercise on Turning and Balance categorical data and independent Student_s t test for continuous data. Data were inspected for normality before use in analysis. Missing data because of dropouts were addressed using the last value carried forward. A two-way between-group analysis of variance with repeated measures was applied to identify the effect of the exercise intervention on the turning and balance measures. Any baseline differences between groups were included as covariates in the analysis. Effect sizes (mean change/pooled SD) were calculated for the intervention group.
RESULTS
A total of 110 potential participants were screened for inclusion criteria for the present study. Sixtyeight people met all inclusion criteria, including having turning performance outside of normal limits during the Step/Quick Turn Test on the NeuroCom Balance Master long force plate. Thirty-four participants were randomly assigned to the intervention group and 34 were assigned to the control group.
Baseline Characteristics
Characteristics of the study participants are shown in Table 2 . The mean (SD) age of the participants was 63.7 (6.4) yrs (range, 50Y79 yrs), 57.4% were female, 70.6% were Malays (29.4% others, primarily Chinese and Indian), and 70.6% were retirees and predominantly living with a spouse (86.8%). More than half of the participants (64.7%) were classified as moderately active based on the Human Activity Profile Adjusted Activity Score (G74), 24 the Short Falls Efficacy Scale-International score ranged between 13 and 23 (indicating that most participants had high concern about falling), and 20.6% reported one or more falls in the previous 12 mos. The most common medical conditions reported were back pain (20.6%), dizziness (16.2%), and diabetes (16.2%). Overall, the baseline characteristics ( Table 2 ) and balance and functional ability scores (Table 3) were similar between the intervention and control group. The only significant difference was that there were more selfreported fallers in the past 12 mos allocated to the intervention group relative to the control group (29% vs. 12%).
Intervention Attrition and Adherence
In total, 63 participants (31 in the intervention group and 32 in the control group) completed the 16-wk follow-up assessment. Participants withdrew from the study primarily owing to being unwell (n = 3), relocation (n = 1), or being too busy (n = 1). The flow of participants through the trial is shown in Figure 1 . Twenty-one of the 31 participants in the intervention group who completed the follow-up assessment (67.7%) reported exercising four times a week, which was considered high adherence, and the remaining 10 participants exercised three times per week. Participants in the intervention group were prescribed on average eight exercises, which included two exercises aiming to improve turning performance. Table 1 reports the most commonly prescribed exercises and progressions. The most frequently prescribed turning exercise was figure 8 walk and step turn. There were no adverse events attributable to the intervention observed during the intervention period.
Primary and Secondary Outcomes
Analyses for the study outcomes were adjusted for the baseline difference in falls by including number of falls in the previous 12 mos as a covariate. There was a significant group Â time effect for both turning measures (Step/Quick Turn) on the NeuroCom Balance Master long force platform: for turn sway, F 1,65 = 8.070, P = 0.006, and turn time, F 1,65 = 8.216, P = 0.006 (Table 4) , with significantly better performance over time by the intervention group relative to the control group. There were also significant group Â time effects for a number of the secondary measures: TUG single task, F 1,65 = 6.647, P = 0.012; TUG dual task, F 1,65 = 8.301, P = 0.005; and composite static stance sway, F 1,65 = 10.491, P = 0.002. For all of these measures, the intervention group had significant improvement over time relative to the control group as shown in Table 4 .
Although the study was not powered to detect a difference in falls or fallers between the two groups over the 16 wks, data were collected to inform future sample size estimation for this outcome. Two participants in the intervention group (5.8%) fell during the 16 wks, compared with 3 (8.8%) in the control group.
Effect sizes were calculated for change in intervention group participants (Table 4 ). For the measures that changed significantly with the intervention, effect sizes ranged from 0.47 (medium effect) for TUG to 1.09 (large effect) for the modified Clinical Test of Sensory Integration of Balance (composite sway).
DISCUSSION
The results of this study showed that 16 wks of individualized home-based exercise that included exercises targeting improved turning performance did significantly improve turning performance as reflected in decreased degree of sway and turn time and improved TUG in a sample of adults older than 50 yrs with reduced turning performance at study commencement. To the authors_ knowledge, this is the first study that has targeted a sample of adults older than 50 yrs with impaired turning performance and incorporated specific exercises aiming to improve turning performance into a home exercise program.
A number of studies have demonstrated improvement in general balance and mobility and reduced falls with home exercise programs such as the Otago Exercise Program. 11 Rarely have these studies used turning performance as an outcome measure. However, in another study of older people with mild balance impairment (performance on a number of measures was similar to the sample in this study), Yang et al. 21 reported no improvement Turning is a commonly performed task in daily life, 3,4 is a complex task requiring interplay between sensory and motor systems, and can be involved in falls circumstances for older people. 25 Given these factors, turning performance is an important construct to be considered for both assessment and targeted intervention by health professionals. In this study, the selection of participants for the exercise program required identification of impaired turning performance on an expensive force platform, which is not available in most clinical settings. Turning performance has been assessed using different forms of gait analysis in a number of studies and different clinical samples including in older people with neurologic conditions such as Parkinson's disease. 26 However, in clinical settings, more simple clinical measures, without the use of expensive analysis systems, are needed.
A 10-item scale has also been reported as a clinical tool to measure turning performance. 27 This test consists of nine movement items based on observation of the ability to perform a 180-degree turn. Three items on this scale were (1) total turn score, (2) turn step number, and (3) turn time; two were dichotomous items rated as yes or no on the ability to (1) initiate and (2) execute the turn. This scale to measure turning was found to be both a reliable and valid clinical measure of turning while walking for older adults, discriminated between healthy and impaired older adults, and had good sensitivity for identifying multiple fallers. 27 Future research should investigate whether measurement of turning performance using this tool can classify turning impairment to a similar level to that achieved by the NeuroCom Balance Master in this study. Few previous studies have investigated interventions to improve turning performance in older people or others at risk of falls. One study used a novel approach of training turning ability on a specially designed treadmill apparatus 26 and reported a significant improvement for turning speed in chronic stroke patients. A limitation of this type of approach, though, is that the apparatus is relatively expensive, and only one person can be trained at a time. In contrast, the home-based intervention approach used in this study can be safely and effectively implemented with relatively little health practitioner involvement.
The dropout rate in this study was relatively low (7%), and the proportion of participants achieving full adherence was relatively high compared with many other exercise and fall prevention studies. 28 Possible factors contributing to these high retention and low dropout rates may be the frequent follow-up phone calls between visits and the reasonably good functional status of the sample.
The study has several limitations. These included that the participants were recruited from a single organization on a volunteer basis, which may restrict the generalizability to the wider population. In addition, the data used to define cutoffs in the turning task on the NeuroCom Balance Master were based on an American sample, and it is possible that cutoffs may be slightly different in an Asian sample such as was used in this study. However, data are compared with age and height referenced norms within the system. In addition, there may have been value in including executive function assessment in this sample, given the association between balance impairment and executive function. A further limitation was that the study used the Step/Quick Turn assessment on a computerized force platform using a standard protocol that may constrain the normal variability in turning seen in Breal life.[ Future studies may consider evaluating the usefulness of simple clinical measures to quantify turning impairment, may include equal contact time between participants and the researchers for both groups, and should use a larger sample and be sufficiently powered to evaluate the effect of this type of intervention on reducing falls. Future studies should include longer-term follow-up to evaluate sustainability of exercise benefits after completion of the formal exercise program and may explore associations between turning performance and biomechanical markers of poor balance.
In conclusion, this study has demonstrated that a home-based exercise program incorporating exercises to improve turning performance resulted in improved turning performance in a sample with preexisting impaired turning performance. Clinicians should consider including assessment of turning ability in their assessment of older people with falls risk and use exercises challenging ability during turning in a rehabilitation plan for those identified with turning impairment.
